Abstract. Cl-and K+ activities in the follicular lumen and the intraluminal potential of the same lumen were measured simultaneously with specific liquid ion-exchanger and 3 M KCl microelectrodes, respectively, in turtle thyroid glands. The Cl-equilibrium potential between the thyroid interstitium and the lumen calculated from the measured C1-activities was higher than the directly measured intraluminal potential. These data indicate that Cl-is actively transported out of the follicular lumen in turtle thyroid gland. On the other hand, the calculated K+ equilibrium potential was not different from the directly measured potential, which indicates that K+ is probably distributed passively according to the electrochemical gradients between the interstitial and the luminal compartments in turtle thyroid gland. Results obtained from the specific liquid ion-exchanger microelectrode studies correlate well with those obtained from previous radioautographic observations and chemical determinations.
Radioautographic studies showed that the grain count of 36C1-per unit area of thyroidal stroma was greater than that of follicular lumen in rat and guineapig. ' These results indicate that Cl-concentration in the interstitial fluid is higher than that in the luminal fluid of the gland. Compartmental analysis of electrolyte distribution, based on data from chemical determinations, histometric measurements, and radioisotope uptake studies, indicates that interstitial Cl-concentration is the same as or higher than the luminal Cl-concentration. The difference in Cl-concentration in these two thyroidal compartments was found to depend on the amount of colloid present in the follicular lumen.2'3 With micropuncture techniques, Shagrin and Young4 found that the mean K+ concentration in luminal fluid of thyroid was greater than that in plasma in rats, while results from the above-mentioned compartmental analysis indicated that the luminal K+ concentration was the same as the interstitial K+ concentration in rat and guniea-pig thyroid glands.2 3
Development of liquid ion-exchanger microelectrodes has led to a method for direct measurement of the intracellular activities of certain ions, such as C1-and K+. 5 A hole was made in the plastron and the heart and greater blood vessels were exposed. 5 ml of blood was withdrawn from the aorta into a heparinized syringe then the vessels were cut in order to remove as much blood as possible from the animal. The thyroid gland was isolated from the surrounding tissues and removed. The procedures for chemical determination, histometric measurement, and radioisotope uptake studies were as previously described.8'9
For the direct measurement of Cl-and K+ activities in the thyroid follicular lumen with specific liquid ion-exchanger microelectrodes, the isolated thyroid gland was put in a Lucite tissue chamber containing frog Ringer solution. The activity of the ion to be determined (Cl-or K+) in the lumen of a single thyroid follicle and the potential difference between the bathing solution and the lumen of that particular follicle were measured at the same time. The Cl-or K+ activity in the lumen and in the bathing solution were measured with a specific liquid ion-exchanger microelectrode (see below) against an Ag-AgCl reference electrode. The potential difference between the bathing solution and the lumen was measured with a second glass microelectrode filled with 3 M KCl solution inserted into the same follicular lumen. This electrode was connected to an electrometer with negative capacitance compensation, and the output displayed on a Tektronix 565 oscilloscope and a Honeywell Visicorder model 902. Electrode resistances were 10 megohms and tip potentials were less than 1 mV. Six to fifteen measurements from different follicles over the surface of each gland were made and averaged.
Ion activity measurements were made with the specific ion electrode connected to an input of a vibrating reed electrometer (Cary Model 401) and with the reference electrode grounded. The electrometer output was displayed on a digital voltmeter (Fairchild Model 7050).
The preparation and calibration of the specific microelectrodes were described previously.5-7 Ionic activities in the luminal fluid were calculated according to the following formulas:
where AcIL is the Cl-activity in the luminal fluid, Ac10 is the measured Cl-activity in the bathing solution, EL is the Cl-electrode reading in the lumen, Eo is the Cl-electrode reading in the bathing solution, RP is the potential difference between the bathing solution and the luminal fluid, and /b/ is the slope of the calibration curve of a particular electrode.
where AKL is the K+ activity in luminal fluid, and AKO is the measured K+ activity in bathing solution.
Results. The turtle thyroid is a single mass of follicles situated at the midventral region of the neck near the origin of the main arteries. Table 2 . By use of a specific liquid ion-exchanger microelectrode, the Cl-activity in the luminal fluid of turtle thyroid follicles was found to be lower than that in the interstitial fluid. The ratio of the Cl-activity in interstitial fluid to that in luminal fluid averaged 2.21 in seven turtles. If the Cl-activity ratios are used for the [Cl]E/ [Cl]L ratio in the Nernst equation, the average Cl-equilibrium potential between these two compartments was -19.8 mV (luminal fluid negative with respect to interstitial fluid). However, the average potential difference between these two compartments, as measured by a 3 M KCl-filled microelectrode inserted in the same follicular lumen, was only -9.9 mV with the luminal fluid negative as shown in Table 3 . The K+ activity in the luminal fluid of thyroid follicles was measured in four turtles with a K+ ion-exchanger microelectrode. The measured K+ activity in the follicular lumen was higher than that in interstitial fluid. The ratio of the K+ activity in luminal fluid to that in interstitial fluid averaged 1.46. If the K+ activity ratios are used for the [K+]L/[K+]E ratio in the Nernst equation, the average K + equilibrium potential between these two compartments was -9.4 mV (luminal side negative), which is not significantly different from -8.3 mV, as measured by a 3 M KCl-filled microelectrode in the same follicular lumen as shown in Table 4 . (Table 3) . Results from the compartmental analysis indicate that the interstitial and luminal Cl-concentrations were 91.5 and 40.5 meq/l, respectively (Table 2) . If these two values are substituted in the Nernst equation, the calculated Cl-equilibrium potential is -20.1 mV (with the luminal side negative), which is not significantly different from the value of -19.8 mV. However, the actual intraluminal potential, as measured by a 3 M KCl-filled microelectrode located in the follicular lumen, was only -9.9 mV, which is significantly different from the calculated values of -19.8 and -20.1 mV. If Cl-were distributed passively across the thyroidal follicular membranes of turtle thyroid according to the electrochemical gradients, the luminal Cl-concentration would be 62.2 meq/l, and the content of Cl-in follicular lumen would be 36.6 meq/kg. By flame photometric determinations, the Cl-content in whole turtle thyroid was only 37.3 meq/kg (Table 1) . If 36.6 of the total of 37.3 meq/kg of Cl-were present in the follicular lumen, there would be only a small amount of Cl-(0.7 meq/kg) left for the Cl-in both interstitial and cellular compartments of the thyroid, which is obviously unreasonable. The most logical explanation for these discrepancies in the calculated and the directly measured values of potential difference is that the Cl-is actively transported out of the follicular lumen in exchange for certain anions in the epithelial cells of turtle thyroid gland. An active process of Cl-transport across cellular membranes has been observed in other tissues, such as squid giant axon and turtle urinary bladder.10"' However, further evidence is needed before a final conclusion can be made.
The K+ activity in the follicular lumen was found to be higher than that in the interstitial fluid of turtle thyroid. On the other hand, the calculated K+ equilibrium potential based on the data for the measured K+ activities in interstitium and lumen was not significantly different from the directly measured intraluminal potential (Table 4 ). This indicates that K+ is distributed according to the electrochemical gradients across the interstitial and luminal compartments in turtle thyroid gland.
From compartmental analysis, the K+ concentration in cellular fluid of turtle thyroid was found to be 251 meq/l (Table 2) , which is much higher than the
